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1 Introduction 



In '^ovenber 19 ^ there developed over the Lnited States a 
weather situation which was a despair to the synoptic neteorologist 
who defended solely upon the surface weather rrsap. 3y the <- ee of sur~ 
face indications alone in thin p oblem it was difficult to visualize 
just what was taking place in the at?roophere, and it v»ac More tiifi- 
cult to predict, ith a comfortable degree of confidence, the future 
ievolopraent of the weather. It is the rur'^ose of this paper to take 
this *fcather seq .enco which presented a perplexing problem to tho 
surface map analysiot and examine in det^ail the -p er air data with 
the object of finding a clue to the causes of t! e development of 
tho situation, and further, to investigate the possibility of liaving 
made a reliable forecast in the light of such analysis* The period 
covered is Hovember 22-2A (inc.), 195^* 

In order to investigate and coordinate the upper air data the 
following tools of analysis are used: isontropic clmrts, selected 

vertical crocs sections of the atmosphere and 24 hour pressure 
change naps for the surface. The usual 8 A.1-. surface uaps plus 
the 8 r.M. map for the rd are also included. 
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II General leather Situation 



A very brief d^Rcription cf the weather situation will now bo 
mad© with the under nt&nding that a c:ors corapleto analynio of per- 
tinent features will be included in the detailed day-by-day study* 
Cur chdef intorent lioc in a cyclone which developed as a secondary 
of a iiain disturbance over the Cakotan on tlio ?2nd, lay ovor Illinoi 
on the the 24th ewept over aouUiarn Kew 'vnj;land giving 

that region nodcrato snowfall, the firet enow of t!;e year at many 
points. 

tap ^2 shows the general weather eituation on tite norning of 
November which is the cidway point in tno situation inves- 

tigated. Over the north^astorn part of tho Initod States there >ias 
been an invasicai of Pc air w-'ich Jiao given that cection unseasonably 
low temperatures. Over the eouthoaetom part of the co.ntry thore 
i« Hpe over which Tg is beginning to advanco nort‘'«aRt?nird from the 
west Julf region. Frojs the lacific I’p has penetrated to and includ- 
ing V c bocky ? ountainn- 

The cyclone centered over Springfi«ld,I llinois originated as a 
secondary of a min disturbance which lay over the Dakotas 24 hours 
previously. As will be seen, the cause of the secondary fomation 
wao 'idveclion of relatively warn air aloft. The effect of Ihis less 



dens© air is begin; ing to bo felt at tho nurfaco cm tno norning of 
the 2?nd« Cn KSip /to cento r of tho isobars over .Nebraska and 
South iJakota. is oi»;^goetive of a soccaidary fonraation. Ao experience 
has Rho'^fn, a secondary is usually ferned as tho result of a wave on 
a quasi -atationary cold front, or occ«Bianally one is formed at tlie 
junction of a warm and cold front of an old occluded cyclone. But 
cyclogenooia in this example appears to belong in a different cate- 
gory. 



Tho surface map of the 22nd not included in this report, 

sho^ra that the secondary has dominated the primary dicturi)once and 
taken over the energy of tho 3ynt?M2. In fact the primary iao all 
but disappjsarod at this point. 

Tho pressure tendencies aroiaid ou'r cyclone cn the morning of 
tlie tt^rd show that on the whole they arc positive and from thin it 
would appear timt tho disturbance is filling up. V.cmever, tiie in- 
dications at tho ourfao© arc masking the activity aloft and, by 
following the woalhor sequence it is found that the eyr.tom moves 
along with undinlniohed intensity. A supply of Tg air at uppor 
levols, it in found, lias supplied enough energy to mini^ain tho sy- 
stem. It is further discovered tljat this supply of warm, moist air 
is cut off from its source which fact would indicate that tho dis- 
turbance WO’ Id not intensify much .more. f«ap '5 for the 2^rd P.f . 
and map for the 24th A.h. chon this to be tho case. 



t 











The only frcnto with which wc* arc concerned in this investiga- 
tion are those associated with the iisturbance discussed above* Cn 
"ovember ^?lst an occluded front entered the continent fron the Paci- 
fic in the region of Sitka, Alaska. As suggested by surface indica- 
tions and checked by upper air data, this occlusion was of the warn 
front type with an upper level cold front (1). This frontal pattern 
swept southeastward until, on the norning of the 2^x6^ we find the 
occlusion extending from Fort ^orth northeastward into the center of 
pur disturbance. The position of the upper level front at this tine 
is approximately parallel to that of the occlusion and lies in ad- 
vance of it. Presuciably, the warm air trapped aloft ahead of and 
above the upper cold front is dry Npp since there has been no mensur- 
able precipitation associated with the advance of the system. How- 
ever, on the morning of the 2^rd advoction of Tg hao increased the 
moisture cont,ent of the air displaced by the upper cold front suf- 
ficiently to give active precipitation over east Texas ^nd parte of 
Louisiana and Arlcansao. A front separating Pc and Npe and inactive 
from the standpoint of precipitation extends from the cyclone center 
southeastward through eastern Kentucky on the 2^rd A. .. As will be 
shown, intensification of this front takes place on the 2Jrd. Pronto- 
gencsis also becomes active at, roughly, the position representing 
the intersection of the occlusion surface with the ground. From this 
position our new cold frontal surface slopes up and back toward the 
west. "Tie following sketch illustrates the frontal structure on the 
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25rd A.: ♦ if an east-weet section were passed south of the cyclone 
center : 



The question still reroains : Can the situation at the surface 

be explained by an analysis of upper air data and can such analysis 
aid in predicting the future weather? But first a word on isentro- 
pic analysis# 
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Ill A Zriot Doacription of loontropic Analysis 
and Tdclmique of Application 

Before proceeding ?rith tho alujscly of the upper air date* it is 
emoidered appropriate at this point to review, in a very abbre- 
viated fashion, iesntropic analysis and its application to the 
daily weather oituaticRi. This coctiori my well bo passed over by 
there thoroughly far.iliar with t''>© ctibjoct, for those not so con- 
versant, it is hoped that a brief review will help to throw liglit 
on tho analynis to bo undertaken in foctim Iv', 

Profccsor C.G. ’-ossby is chiefly reoponsiblo for tho devcloptsent 
of icontropic analysis, A study of references (2,5#^) written by 
Bossby would be greatly beneficial *.o those intcrootod in the subject. 
An illuailnatlng cxanpl© of such onelysio by J. Kanias is listed in 
reference (5)* 

In the att:osphoric layers well rer^oved frc«3 the surface, pro- 
censce are approxisiatoly adiabatic, Tliis means that iiidividual 
particles tend to maintain at 'onetant value thoir entropy and hence 
potential temperature. Therefore if a patticle coves, its motion Is 
confined to the icontropic shoot whoso value of potential tenporafcuro 
is tho same as that of the particle. 
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Non-adiabatic procesnea include radiation and cendenoation 
(evaporation), nadiation is a very olow proooas in the free 
atir-ocphcre. ISven at moioture di sc on" in <1 ties the process io 
relatively slew. Condensation io limited to fairly small areao 
along active fronts and to regions of penetrative ccnvecticn. 

These non-adiabatic phenonena do not invelidalo tho utility of 
the i sen tropic concept but should be kept in mind and allowan- 
ces ;nade when applying the principle to actual cases. 

Another relatively conservative property of a»i individual 
particle io its specific huraidity. This property is used as an 
indicator iji I'oi lowing the movenent of tho various particles with- 
in tho isentropic sheet. ?hs winds are also useful in following 
the particles* trajectories. 

It is apparent that an isentropic surface is not a surface of 
equal altitude. Mean values of potential temperature (©) tiirough- 
out the atmosphere indicate that the 9 surfaces on the average slope 
upward toward the poles. On the other hand, mean values of specific 
humidity (q) show tliat tJie q-ourfaces generally slope upward toward 
the equator and that tho slope angle decroanen with elevation. Of 
course the contour lines of 9 and q for any one day laay vary widely 
fron the mean. 

Isentropic mixing, i.e., mixing of the particles within the 
isentropic surface, is often an active phenomenon. The intensity 
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of si-oh Liixirvv in»rarr -sf-to , a i* ncfion cf t/;o vortical ota— 
biiity {6j. ' \(i relative velocitiefl ol* the air c rrrnle oif.iiar- 

ly affect tl'.o intensity of mixing. If an uir carrom. ir r.ovinj' 
relative to an adjacent body of air it will '^ranefer sons of its 
niojcentu;^ to tlw other oass through shear and drag of fee's, coloring 
B pergradient windo in tlie relatively stationary body and it.self 
receive a 8ubr;r^^dient wind as a result of the in*eractivo exchange 
between the two tcaeBee. As stated, this A.;6tauoch is extensive ond 
takes "lace on a wiich larger scale t’ran does vertical nixing. Tli© 
order of nsa^itude of thi* ratio is 50,000:1, rxetenge is not limit- 
ed to rsonentura but applion to other properties of the air sMtssec in- 
volved, copecially * 50301^0 ^c^nidity• 

3riefiy an Seentropic clvjsrt Is prepared an fcllo*^8: ..ata are 

obtained frrsi tlie various aerological stations. A Sbitable © -sur- 
face (isentropic surface) is chocon so that it is low enough to show 
moisture differences clearly and yet not low enough to suffer from 
the nc«i-adiabat,ic and turbv^lent influences of the ground. height 

of the surface (2) and its moisture content (q) over the eerologic 1 
stations are Interpr.jated for froja tlio dat^ and entered on the usijal 
surface sap. ~he winds at the various lieights over t’tie aero.ogical 
stations are entered. Heigiit linea( dashed lines) are now drawn for 
every SCO meters altitude. With the height of the 0 surface ten- 
tatively established at all points, winds from all pilot ballon sta- 
tions can now be entered. Linos of equal q (full lines) for ovory 
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one-or two-^=^ram valuers are f'.’en drawn. Oare nuot be excrcined in 



drawing 7, smd q lines becaiJise of the scantiness of data obtained 
from relatively few aerological stations* There is no linique 
soluticHi but a izultitude, moot of which would be entirely misleading* 
Considerations set forth later za.y be used as a guide in developing 
the technique* 

The inentropic chart is drawn in conjunction with the cross 
sections so that the two harncnize to give the most probable oolu- 
ticai. A cross section is a vertical aecticwi of the ataoephnre taken 
through aerologioal stations that lie roughly on a ctraight line* 

Over each station q and 9 values are entered at the corresponding 
lieight of the significant points* Lines .fcf equal 9 for every 5*to- 
gether with lines of equal q are drawn* Winds are entered «t the 
proper levels and in such a w^y that their direction is oriented 
with the relative position of the stations* For instance, for a 
section going from north to south reading from left to right, an 
east wind in plotted as blowing from the top of the diagram. As 
indicated before the lines on both cross sections and isentrupic 
chart arc adjusted to agree V7ith each other* 

ether data entered on the iscirtropic cliort ere relative humid- 
ity end when desirable, pressure change between consecutive 5* isen- 
tropic oheets* The latter quantity is usually t ken no the differ- 
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ence in prsenure oxistin.fr, at the isentropic surface selected and the 
one 5* belo^7 it. This gives an idea of the riiss of air contained in 
the layer at various pointc. The greater the niase, the lees is the 
stability within the layer, ’''hen con’.pared with the sarse data for 
the previous day one gets an estirate of the rnes cliange within the 
layer, i.e., cmvergence or divergence of Kase. If no .non-adiabatic 
processes have txiken place, tho total oliange in Easa tliroughout the 
layer encompassing the earth should bo zero. However, it varies con- 
siderably free, point to point. 

The fol loosing tentative conclusions regarding ioentropic analy- 
sis have been nade by C.O. Ros«^by (5)t 

” 1. Iscntropic flow patterns are simpler than corresponding 
frontal patterns on the ordinary weather inap. 

2. Isentropic flow j)a items appear to be fairly stable and 
change only slowly from day to day. "his siability s hould be of po- 
tential value in forecasting. 

Lines of constant specific hvjnidity and contour lines are 
nearly, but not quite, parallel. It appears tliat region-^ of vertical 
Eotion laay be doterainod fren the intersection of these two sots of 
lines on the isentropic charts; the regions of Earksd ascending i.:otion 
thus indicated aces to coincide vrith the precipitation areas on the 
corresponding ordinary surface weather caps. 

4. ’"he flow patterns indicated by successive linos of constant 
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specific h'l/Ciidity and Ruccecaiv® contour lines agree in a general 
way with the observed wind Uistributione biit,- 

5. Ison tropic toni;u©s of caxiaun or B-iniOiVia c.oieturo content 
advance loeo rapidly than one should expect froK. the oocorved wind 
diotributl on, indicating intsnec uixlng between the tongues and 
their environsiont. 

5. The weijr.t of n leyor 'r.clossd between ’Wo s pcr~5:upo8cd 
iror.troplc s rface® *?a,y bo oxprossoi t ro Jn a not oZ linjs for con- 
stant '^oight, "’heno "isobars’' are approxicately parallel to the 
s'reacr linns on t. c Isootropic c.ifu'ts an' jfjay ue :oi- - lnr_in- 

a'ions o'’ can/erp,stice a. .I divcrgonce. 

7* ho ic«ntropic current systore analyzed up lo the present 
tine display a pronounced tendency to break up i ito iar^;o arvticycloni 
odiies." 
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IV rpcor Air Anolynls of Ihc Weather Situation 



?OT the ”r>prr eir arjalyrlr the fcllo*'iing charto are procenied; 
laentropic charto are drs-wn for 6 =500*and 0 “ 285*. Since 
the air rcaoe caitraatc with rccpect to tempers i re nre ro lart^o in 
♦hie situation it felloes U»t t-e heii;hl of an roric eurfaco 

varies consid ?rably. Tn canes the 5^^ curface is? too higii to 

show clearly the ffioicture distribution and for this ronson tho 265* 
surface is added. Des’^ite the fact that tho letter -,ocp into the 
jjround in soae areas it is employed tc show th-^ Uioisture iistribu- 
tion at the lower let/olc. 

There ere four sets of crocs sections of wid.c!i two ere north- 
south and two are cast-west: 



Korth-South 


IJorth-South 


West-’^nCt 


Wect-^act 


Fargo 


nault f)te. I'nrie 


Oakland 


21 Paso 


Oasiha 


Letroit 


Salt LaJcc City 


.San A.ntonio 


Oklahoma City 


Dayton 


Cheyenne 


Shreveport 


San Antonio 


{.’ashvillc 


Craolm 


’caitv^or'^ry 




?■’ ontgomery 


.St. Louie 






Pensacola 


Dayton 








Washington 








Lakehuret 








Boston 
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In addition, surface 24-hour presauris c>iange Liapn ar® included 
since they are helpful in the construction of iacntropic charts. In 
general, an isalloberic high indicates an invasion of cold air and 
ccnsequcnt raising of the ©-surface while a Icrf cdgnifiec the oppo- 
site. 



In the discussion of the various charts and srapn, orsly the fea- 
tureo pertinmt to this analyois will b© eJtaKitied. 



Novocibor 22nd A.l'. 

Cn the ftiirfac© raip ^1 for this date a body of ?c air ic aeon 
advancing southward over the central and eastern f>&rt of the Coventry, 
dioplacing TJpe before it. Air of Polar Pacific origin noving south- 
eastward over tho nor'^hwestem states is also replacing hpc. 

Cyclogenonie is active over K'cbranlcs. ai\d lansac with the result 
that a secondary is fonslng near tho :j;ain distuntsanco whi'^h lies to 
the northwestward. Attention ic called to an inailobaric lew of (-) 

14 ever Cssalxa which suggests t)ie direction of riovei.-’ont of tho oyebeiay 
Purrounding our disturbance are t’lrcc well fomed anticyclones. That 
containing tho Pp air is ooot notable wiUi a jJO.'iO center. ’ he Fc 
high is building up wliilo t'nat in t!io hpc air is slo'ly v^oakening. 
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The bouruiary bobwoen the Pp and f.’pc ic a v;arn front typ occlu- 
sion with an upper level cold front whose structure may be etxidied 
In succeeding cross ooctionc. The line of* discontinuity between Pc 
and h’pc later beconsen the warra front of our formin,;; cyclone* 

The inentropic ch?irt,’’^5, for the ??nd helps to clarify the 

surface laap and, more importantly, given a clue to the future develop- 
ment. As suspected from the surface systen, it reveals e.n invasion 
of cold dry air froii the north lying east of the I isnissippi River. 

Tne coldness is reflected in the great height of the surface, and 
the extreme dryness by the fact that the 1 gran specific hunidity 
line extends to the Gulf of ffexico. The winds and contour lines 
strongly suggest tliat tfiis protrusion will extend well into the cen- 
tral bnited States into which area our secondary disturbence has 
shown definite signs of entering. Tho origin of this moisture is 
presu!rably the Gulf or the Caribbean from whence It w s carried in 
an anticyc Ionic eddy to its p»-'8ent position. Another fairly moist 
band extends from Southern California northeastward over tho Lako- 
ta.s. Its ’Warmth ic indicated by the deep trough in the height lines. 
Ihe winds suggest t'nat this tongue is cut off from further moisture 
supply of Pacific origin, i’oreover, its narrowness rsriders it sus- 
ceptible to di6solu^io^ through hcriscntal mixing with th- ary air on 
both sides. Likewise, mixing will tend to modify the dry tongue be- 
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twoen the two woieturo bands discusoed above. Then too the winds 
Indicate that the dry nodge is rotreatin^> 

Wl-at relation does this ioentropic pattern in the west bear to 
the oysbera oho'‘m on the surface loap and wliat can we reasonably ex- 
pect to iKippen? First, we can say tliat the band of wira air to tii© 
northwest on our G-q chart ia an ioentropic croos coction of tljo wana 
air of Pacific origin lying above the occluded front. It appears 
that the advoctiosi of this leao dense air leads to cyclogoneaia 
which, in fact, ia taking place ac aurniiasd frcsa surface indications* 
But this wana, ir.oist air Js in great danger of ccnsiderable rcodifi- 
cation by the dry air on each aide of it with the probable reeult 
that cyclogonenln will be checked or that even anti eye losor^eeio will 
set in wnlecs soEe other influence ic brought to bear. It appears 
that the Eoict Tg current will offer this rclnfcrcoEent. This flow 
is directed toward the indicated future position of the disturbance 
center, fence, it in logical to aseuiae that, a fairly well developed 
center will appear shortly over tlvj central Ini ted ftates. 

a 

“■lie 285 G-curface 6, for the 22nd shows the cane features in 
the eastern part of the country as tho ^OC curfo.ee. Tn -the Pocky 
Kountains area tho 285 chart, cannot be uaerd since it intorseclc the 
ground , 
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The ^‘4~hc a* proRp.ure ch?nr,e rap -^'20 ohovp. a reneral rxnr aapt 
of tbo *’iBp5soippi ifhich Is associated with the invasion of coli, dry 
air froru the north while the icallobnric low in the wcotern part of 
the country indicates the displacement of one air mrs by another of 
lo-er density* 

?}■» croos oeotiona for the 22nd which afore drawn concurrently 
with the isontropic chart for the same date added furtlisr on 

conditions aloft. In the *?1 Paco-Vontgoraery section, 'IJ, the rain 
feature i? the moisturo Invarsion over '51 rnco. he cpf^cific >iU”.id-- 
ity incroason from 2.1 ^',rams at lyOC motoro to ^.5 at PhtC. Tl'i© 
GO’Jthorly and southoasterly winds indicate the probable cri;;in of 
this air as 7>^. Adjacent to this moist, cur rent movin^ nortViward is 
a dr/ current moving southward, '’he horincni/al che-nr aj d «;ixing be- 
tween the two Kuet bo quite intense. 

In the Cakland-Booton section, ’12, air of Pacific origin is seen 
replacing ono of Canadian ori^^in. Tiirro appears to bo no sliding up 
of the Pacific oir over the Canadian air slnco the In^ -er ir coving 
eastward faster than the fencer. This would seen to account, in }>art 
at Ic.cst, for tJie lack of procipitatlon in connectiorj rit^i the occlud- 
ed front. 

The two north-scuth secticno,'"!!, show the advance of Pc frc«a the 
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north. In both of thoRO sections convergence io observed in the 
frontal zone. In the Fargo-San Antonio chart the amount of moisture 
above the frontal surface is insufficient to give precipitation but 
there is snow falling just to the east of Sault Ste, .arie-Poneacola 
section. 



November 2^rd A, .4, 

The A.lv’. Gurfp.ee rap for thin date, f2, cho’;s that the situation 
has developed about as raight have been expee^ted from the previous 
analysis. The secondary found on the map for the 22nd now has a 
closed circulation of its own and the foraor primary cyclone has 
disappeared. In fact the map for the evening of the 22nd (not in- 
cluded) shows that the prisary had all but filled up at that time. 

The southward advance of Pc to the east of the disturbance has 
been halted and indeed the Pc-IJpc boundary has become a warn front 
within the cyclone, fiowever. Pc is seen pushing southv:ard to the 
west of the system and the chances for the formation of a secondary 
cold front appear favoi’able. 

The air of Polar Pacific origin I’^s continued a fairly rapid 
advance (about 6C0 miles in 2h hours) and we now find the F’p-Npc 
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front extending frrta the cyclone center couthweetward to Fort Worth. 
Aloft and in advance of thio ponition lies the upper level cold front. 
Behind tliis front rain is falling over east Texas and parts of Louis- 
iana and Arkansas. From the surface raap it is difficult to say whether 
this precipitation is the result of upglide over the Tp-L'pe front or 
is caused by forced ascent from the advance of the upper cold front. 
What does appear certain is that Tg air must have come into this 
region aloft and added enough moioture to give precipitation frorji a 
frontal system that heretofore ’nad produced none. The snow falling 
at scattered points in the (>reat Lakes region ie t^ie result of insta- 
bility in the Pc air L-taes which rias picked up moisture and lieat in 
the lower layers on passing over the lakes. 

I'ow let US examine the reports from stations in the cyclonic 
area. We note that the lowest pressure, 29»34 at Springfield, 111., 
ie practically the came as the lowest pressure (29.62) reported in 
the secondary 2.k hours before. Cn the evening map of 22 Lovember, 

12 hours previous, th.e lowest pressure reported was 29»72. From 
these considerations alone it would seem that the system deepened a 
little and then began to fill. This hypothesis of filling becomes 
practically a certainty upon examination of tho current presst*re ten- 
dencies in and around tho system, all but two of which are positive. 

If the analysis stopped at this point tho forecaster should log- 
ically expect the dioturbanco to fillcompletely in short ordor and 
cause no more trouble, at least as far distant as Boston. However 
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thore io a factor in the surface reports that is disturbing to the 
mind of the forecaster vho nakeo the above prodiction and that is 
the rain to the 9out!r»est of the center* This precipitation im- 
plies tlmt there is a possible push of Tg air aloft from the west 
Gulf region and tiie reported cloud moveraento from trjo soutnrost 
strengthens this supposition* If this ic true and if the warra, 
moist air reaches tho disturbance it might supply enough non energy 
to maintain or oven deepen the system* It in apparent tlait in work- 
ing only nith the surface map tho conflicting indications naako the 
forecaster’s job anytning but easy. Ke must turn to upper air anal- 
ysis to supplement the facts gained from the surface nap. i et us now 
so proceed. 



O 

The isentropic chart, ?7> for tho displays more moisture 

contrasts and contains more well defined flow patterns tl'an that for 
the previous day. Tho most pronounced feature of the chart is the 
narrow tongue of ..oioture ?;hich now extends from eastern ’’exae north- 
westward, then curves anti eye lonically* This tongue, of course, ic 
identified as tho one which wan just making its presence felt over 
New Mexico the day before. There has been a general decrease in the 
height of tho surface in the vicinity of the raoisture invasion, as is 
to be expected with the advection of a warm current. In 24 hours 
the surface over Shreveport lias droT'ped from 2580 meters to 1820; at 
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St. Louis from ^^10 to 2620; at Washington from 4070 to 5550. The 
dry tongue which, the day before, extended roughly from Lake Erie 
down to Louisiana has now curled around anticyclonically in its 
southern portion and has been cut off from its northern source by 
the tongue of moisture. The northern part of the dry tongue has 
been translated or shifted eastward and its axis is now off the coast. 
The two currents, moist and dry, compose an anticyclonic eddy center- 
ed roughly over Nashville. The mo ion of the two currents tend to 
maintain the directions indicated on the chart, but the whole system 
is subject to translation by the general circulation whose direction 
in this area is toward the east. 

Evidence of the lateral mixing is well illustrated in these two 
currents. It is to be observed that a "bubble" of moisture over 7/est 
Virginia has detached itself from the main moisture supply# Narrow 
tongues of air are subject to intense mixing by surrounding air masses 
which tend to alter, among other properties, their moisture contents. 
This is precisely what has taken place. The result of the mixing is 
such that over Kentucky the air is drier than on either side along the 
moist tongue axis. The same process has likewise affected the dry 
tongue. It is seen that off the coast in the region of the Virginia 
Capes the air in our isentropic surface is more moist than on either 
side along the dry tongue axis. 
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The other two bando, one uoist and the other dry, wlJch lay to 
the northwost of cur Tg current tho day Defore, }iavo disappeared. 

As waS euraiised at the time the previous ciiart wan uiscusnea, inter- 
active .'fixing has so neutralized thorn tint they are iadisting-isii- 
able on the present chart. Another possible expj.cnation is t)iat 
the two moist tongues merged and that tlie dry one retreated and cor- 
binod with the large cold invanion that cane in from the region of 
British tclumbia and now ^ies with its axis over Itinnesota. 

Tho 265 surface, reflects the indications of the yci sur- 
face. It is to be no'cd, however, that the ?g current axis in the 
former is displaced a little to the wentward. 

The isallcbaric highn and lews on tho 24-h:cur pressure change 
map for this date, '<*21, coincide nicely v.'ith our cold and warm cur- 
rents respectively. 

let us new attempt to associate the features of our ! sentropic 
charts (principally the 5^*0 ) with those of the surface map. ??e can 
at cnce that the horizontal penetration of tho moist current aloft is 
much more extensive than would be judged from the surface data. In 
this fio-v wo have a good source of energy for our cyclone if it con- 
tinues to feed moisture into the system. If we decide that it will, 
we can look forward to a deepening of the disturbance and heavy 
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In ccnflict with th- supposition is the 



amounts of nrecipitation. 
filling tendency in and around our systcra as Gxpreesod by the gener- 
al rise in pressure. This would suggest that the cold air f“rora the 
northwest is making its influence felt. At this point ue are im- 
decided as to wnat prediction to rake. It depends for thu most 
part on the uiovenent of the cyclone and the n.overent ol th^ current 
ays tecs. At the r.oment our disturbance is parti/ in one current 
and partl2/ another. By noting the relc^.i/e uressunc tenriencioe 
and the direction of the worm sector isobars wo should judge the 
movement of the system to be roughly ea8t-northsastwi.rd. jus- 

tification I or the tern worn sector will be made later). By extra- 
polation ond by stud}'' of the present flou pat‘*ern and t>ie winds it 
would appear that tVie two currents should be translated in the 
sane ai recti cn as the cyclone and at the sane tine each curve off 
slightly in en anticyc Ionic fashion. Another point for consider- 
ation is ttot our moict current is open to its source of *^ater 
Vapor and should not be destroyed completely by mixing. By irlxing 
with this moisture-rich flow the dry current should gain in water 
vaPor particularly'^ in its adjacent boundary. Hence if ca^r dicturb- 
ance comos under the influence of the cold tonguo it will not be 
entirely lacking in moisture, ftill the situaticn is a borderline 
caee from the forecaster’s standpoint. Ho Iiopos tliat the cross 
sections will give him definite clues one way or the other. 
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Fortunately the 0aklan~./cstcn crono oection, IS, pasoen jnot 
aouth of the cyciono center and furniahos ug an cxccileat picture 
of the frontal structure. '*c note first tJic \7arm front oeparatin^, 

Pc and f.pc and the differences in to:iperat’.Aro9 in vtiene air .'aasoec* 
Jot consider ti^e van., front type of occluoion vith the attenuent 
up:er ievci cold front* 'o see tint tho order of v/aruiUi of tao air 
aaascs involved in 2,'pp, Pp and Jpe which would rooult in Lae placing 
of the front G ac di*aun. A cold front inter oec ting the ground iias 
appeared ir* ap;"rosirnatciy tI’.o pociticai rdiere tr.© occiuaicn ets the 
ground. This is the result partly of advr^cticn of cold Pc deywn tho 
w os torn aide of the cyclono. Anotiior contributing caurc is cooling 
of th© air oy evaporation. Ihc pilot'e renairJes during tiu> rcorning 
ascent over Ctoaiia stated that it w o snowing and raining aloft and 

yot only a trace was reported at the curfaco. Tlio relative h..i.d.dity 

o 

on the 255 P-surface over ti.ain in lOO.S whsreac it io cucii lower at 
other asrological stations in tho general viciriity. Thun it ia log- 
ical to nijppose trsat cooling by evaporation v/^s not an inconsiderable 
factor. 



The Fl Paeo-.'.cntgomcry section, *15, shows t!io f?ar e ,;eneral foa- 
turoc as tho one? for the prov.t ouo d&y, T)ie only r-odificnticnc ore 
that til© noict air flow ic nor/ ric'ier in water vapor and t’nat the 
area of aa>:l;.ara cjointt ro is closer to the ground. 
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■"he n Ante lo , ”1^, l.ri«:oc a eortl'i-oout'i elico 

throii-h the dry and rcoict currento -nd ojide frov ^^ivln.; us our 
three Ilr.sr.eicr.al ~'icture fro.-; another an;;lo no to-' 

cn t'lc situation* 



Cn the care chart* t‘ e fault "^te. ' ari«-" or.sacola croco cec- 
t5 on Is vory on lighten 5 "before exarinin" it » nc.'d aboi t a 



recent idea of ’^'rofeecor 'oncby*e chould be ap; repriate* The idoa 
ic subject to further inventl^ati on and has not yet been pub 11 shad* 
Cnly i he condition!.- of t'<o probiera and t'e roculta will bo etatod 
without ;ioing into the do.Tonctration. C.-ivori a north-couth socticn 




Rs c’.'crn in figure 1 and the nlnde westerly aloft an., at the sur- 



face. Vcm aesun© tl;at under ccnditicnc that ray be lerzcnctrated as 
porriblc the cx;rfaco west wJnd to the cc*uth incrcccec or roraino 
the saKS, bt.t tliat in yoing frora couth to nor'h t!io r?^rf' ce west 
T?in<iz docrc^ce or even si. 1ft to thn eant, Ihcn the C-evrfacee will 
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tend to errtxn^^e t’'iero3l v'cc as o 0 "n in fjgiu'e ?. The surfaces nave 
incresp-^d their elono and there )'as been a packing of t ir surfaces 
to the rcuth and a ’;r eater apacirpi; to the north* A packi'ip^ < f the 
Q“SA.rfaGos and a steepening of their slope is associated wi .h fronto- 
genesis which of course incii-idos frontal interisi I i cation. 



>\n exacanation of the Sault hte. farie-Fensacola section reveals 
that apnroxiuialely those conditions are being fulfilled in the region 
of our warn front, donee v?e nay expect intensification of this front. 
At any I’ate -e note considerable convergence in chis zone ?hich is 

suggestive of frontogenesis. ^’’urt lornore , the ’■ oisturo content here 

, • 

has increased in the last ?' tours as soon on the 'vCC.> t-^riace and. 
tJiere in a strong suggestion of up-slope motion an displayed by the 
contour linos of specific humidity and height. The relative liunidity 
over St. Louis on the ^CO nap is I'^hile over ftxyton it is 71 -* 
which fact further SvXongthsns thin supposition. i'..ut the .tault Ste. 
harie-’^ennacola cross section shows that the rioisture distribution 
most I ritii!.a toly associated with the warm front lies in layers below 
the ^CO ''jrface. The P85 surface, according to this cross section, 
shows a representative distribution of Uxe specific humidity lines. 

We also note in t’le contour lines of specific ’'.unidity and height on 
the 285* Bixrface a strong suggestion of up-glide motion by moisture 
in cur frontal area. The relative humidities here again Dear oxrt 
this idea. Going from liashville to St. Louis to Dayton the relative 
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huEiidity 3.noro‘ oon frcn to iS’ to 'SS'. 

now that wo posoopo the additional infcrmtion of frontojonoais 
in connection 'vitli both a cold find *am front our way is . ads uuch 
clearer, 'c no»< >\avo u true wave disturlxinco notwithotandini; the 
fact t>sat the structure aloft io rather cornplax. It is now lo^.ical 
to predict that this syetora will move fairly rapidly in t’lC direction 
indicated by the waria sector iaobarc.and by the relative proasuro 
tondoncieo, fine© the noiature centent in thin area, parti C’^jixrly in 
the lo’.?cr layers j, shows sign® of increasing on roll an tjndir.^ to 
Kove np-slopo and since our warn front in intensifying we n.'.ould ex- 
pect a precipitation should start shortly- 

Let us now dec! do whether the eysters will deepen or fill. Be- 
hind tho cold front tho winds aro o;odorato to fresh and nince the 
raovenont cf the front is unopposod by any prossur© ?;radient we should 
expect the cold front to r.ov© fairly rapidly. On the other hand, the 
uotion of t'^ warn: front ie directed against a fairly good pressure 
gradient. Tt appears certain then that the nystcc. will occli'de. The 
occlusion process will tend to deepen the syntda as op.poccd to its 
present filling tendency canned by t'ne advoctlon of cold air. '~ho«© 
two conflicting forces cauco uo to decide that the syotera will approx- 
irrately nciintain its present intensity. What, then, should a forocas- 
tor in Boston, say, expect for hie area fron this cyctom. Taking the 
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above analysis all in all, ho could lo;;ically expect scwc snow but 
not a very violent storra. ’’ hethcr the syntoai v.'ill pass to tlio north 
of tlmt station or to tlio couth io ijsposeible to cay at tliis 



fioveciber 23rd» F»M» 

Ch the surface njap, for tide period we note tlmt tiie 
developraents liave taken place in general alorig the linca expected* 
The cyclone has Kaintained its intensity or pocsibly has filled 
slightly. The direction of notion of the cystoei has been a little 
to tile oaat of that predicted which would suggest that t}io ctom 
center will now j«is9 to tlie south of flostcn. '^’he pressure tenden- 
cies eubetantiate this aoeiaaptiori, A warn front type of precipit- 
ation tos started which has been in light auoxints only so far* 

\n interesting feature of tMc nsa? ic the coecation of precipi- 

teticn to the soutlxwoRt of tlio center* It is difficult to ejxploin 

0 

this fron the surface map alone but if wo go to tlio ^0 ison- 
troplc chart# ^or this date tlxe anower bococaoo more apparent* 

At that tici© the broad island of dry air extending fron ^outh 
Carolina to lliocicelppi io seen curving into the rain area in an 
anticyclonlc faohion* It Ic evident that this dryness is respon- 
sible for the cessation of rain* Going back to the P.M* curfaco 
map we note evidence of a wave disturbance forcd.ng over the .east- 
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om Gulf region. Hence can expect that precipitation will 
Boon rssicno in the Gulf rtatos. 



Hovegber 24th. A.M. 

he surface nap» ’>4, for t^is period shown our disturbance 
centered over Rhode Island with a lov.’est pressure of 29*64 which 
is about tVxe same as it v/as 24 and 48 hours ago. The system 
has traveled approximately 1000 miles in 24 hours which indicatos 
a speed a little in excess of that anticipated although the wave 
character of its frontol pattern suggested that its raoverient 
would be rapid, iinow is still falling as a result of warn front 
action. 

In the Gulf of Mexico we note that the new wave disturbance 
has continued to develop and that rain is again falling in the 
Qulf states* 

The other features of the map, while interesting, are not 
pertinent to the analysis and will not be examined. 

O 

Cn the poo surface, r'9» date we find that the 

rapid movement which has cJiaracterizod our current systems has 
continued, ihe axis of the raoi5st current wlilch we liave been 
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follcwins no:? lies off the coast# The moisture found in the 
vicinity of our disturbance is qiiitc loti which suggests that 
the snow is falling from lower levels. The dry current which# 
the day before, lay over f'innesota is now over ’^est ’ irginia. 
Through mixing, a dry ^island'** over Uew iu'cxico and Colorado 
has been detached from this same dry tongue. 

The 285* surface, shows the currents at lower levels. 

It is observed that the moisture in the vicinity of our distur- 
bance is richer than in the 5^0 surface and that there is no 
dry ’"island” detached from the dry current source. Aside 
from these minor variations the other features of concern in 
this investigai * on are the same. 

The Cakland-Boston cross secticai, ,^18, reveals the up-slope 
distrib\ation of the moisture between *asliington and Boston. Over 
the latter station the specific humidity increases frem 2.2 grams 
at the surface to ^*1 at 1^00 meter o. 

The other cross sections for the 24th., -^17 and do not 

intercept tho disturbance with which we are concerned. Tliey are 
included to make the series complete so that if one is interest- 
ed in other features of the situation he might well wish to use 
them for reference. 
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Features of the dipper Level 



y Some Interestin'-' 



Preesiire I'aps. 



A cyclone th.a* extends well up into the atroephere is ordinarily 
the **cold core’* type composed of a more or less hoijo^eneous air mass 
circulating around a center* This type usually moves very slowly or 
remains stoticnary. The disturbance which we have been examining ex- 
tends upward at least l4,0(X) ft. but its other properties are clear- 
ly different. 

An examination of the 5,000, 10,000 and 14,000 ft. pressure maps, 
*24 and fr25, for November 25rd. disclose a well marked warm sect- 
or. On the whole, the winds and temperatures fit tliis representation 
well* As may be checked by the Oak land-3 os ton cross section, ^^15, 
for the 25 rd. the air in the warm sector is Kpp, that to the north 
and east of the center is Pc and tliat to the west is Pp. 

The novenent of the center is rapid at all levels* Taking the 
10,000 ft. level as an example, the successive positions of the center 
on the 22nd., 2^rd., and 24th. are Mcxntana, Iowa, and the state of 
New York respectively. In other words it followed the surface Low. 

The axis of the disturbance at all times was inclined to the north- 
west. 
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?\irthor, it. Ic to bo noted iliat the cyclonic intoncity «aa great- 
er at 5»000 f t* than at tho curfaco ’.thilc at 10 $000 and 1-4,000 ft* it 
iras at least ae mrked a.s at the ourfaco. In thio featiiro it is 

siiailar to a ”cold core” cyclone but, froa tlio above c ansi derations, 
it is lupoosiblo to classify it as such* 

Another point of interest in this invosti/jation is the 24-hour 
pressure clian^cs at the various Icvolc* Charts '26, *27^ and ,'-2Q for 
the 5,000, 10,000 and l4,COO ft* levels rscpcctively on the O^rd. are 
of ci{?iificance when compared to t}.e 24-hour prossuro craij^oo at tlio 
surfa.ee. 'hi is the latter sho’^s prennure rises in t!ic vicinity of 
cur dicturbtuT.ee all otner levels ohor; pressure fullc. Tido can oriiy 
uisan tliat there bias been an advection of earn air aloft and cold air 
at lo^er levels and that tho effects of the cold air on V;c curfaco 
pressure has norc than offset tiiat of the *varn air* burthor, sinco 
the nagnltuds of the falls increases with elevaticai up to the 14,000 
ft. level it follo'fs t’.iat tho v/ara air advcction was above t .at level* 
Another explanation of the falling pressure aloft in tliat divergence 
of macs has taken placo. 



/ 



• 51 ' 



^ M ii£. ,4: 4 . ^ 

M»^ -i- . » • A« ^ il»»^<»«, •«« 

• • •"' ^ ^ ^n» I .» 1^ U4A^ 

C^ «|-i|XZ<MJ(U kt «55t=^ F^f ^ 

.•A••^C^•^#jjli• •! ‘* ,^X 4w«wh$l ff||#i^ ^ ‘*v*a' 



** 1 *• * 1 ®^* .*4 




V>^'^»Aa. piP I I pipIPWiP 4^« Miipt ^ ^ •« *toF 

^»l • »- 4 ^ ttiil|avw4 ylc c%m «p 4 ^ipr p»«ij^ «| 




VI SuEuairy nnd Conclusimo 



On liovenber 22, 1956 a {secondary dicturbance wae fcrnei over 
Hebraslca in the southeastern quadrafit of a cyclone centered over 
northeastern Inontana. ?he fomation of this secondary was unusual 
in tb^vt it occured in a region whJLch, according to the surface 
weather maps, was without fronts. The analysis of upper air data 
for this period has shown that the formation of this secondary 
was closely associated with the upper level transport of a warm 
current and, behind it, a markedly colder current of maro.time polar 
air. Thus, the study of the structure of the upper air lead to the 
insertion into the surface analysis of an upper cold front the 
advance portion of a warn front type occlusion. This secondary dis- 
turbance formed a circulation of its own and soon became the dominant 
cyclonic system. 

On the 25rd. the cyclone moved to a position over Illinois but 
displayed on that morning a definite filling tendtuicy. It was ascer- 
tained by comparison of the ioentropic charts for the 22nd. and the 
2^rd» that the warm air aloft, which had presumably caused the cyclo- 
genesis, had been modified to some extent by nixing with colder air. 
The cold air, in contrast to the warn air, was still open to its 
source and undoubtedly would have filled the system were it not for 
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two phsjTiOCiQfiQ. j broug'it to ligiit ii^inly tnj’ough tli© isoiitropic anilysis 
of the upper air data. 



first a tongue of Doiot, warra air frciii the Gulf of h'oxico be^m 
to food t'le syetec; a new supply of energy* Although this supply was 
subjected to isentropic nixing with the dry tongue sufficient moisture 
and wamfii vmre available to contribute to the energy of the eye lane, 
and possibly to enter into the coruionsation process. 



:hs second influence, probably of more significance, was active 
frontogeI^esis. Tnis lead to the development of a wave disturbance 
which could clearly be identified in the surface c'.iarts, i)irough dyn- 
ainic effects, the potential teaperature surfaces in tho vicinity of 
the cyclone’s warm front were inclined at a greater ar.gle to the ground, 
and a packing of these surfaces took ;lace. In tViis roanner the waim 
front was intensified. In addition, a cold front at the surface was 
formSvl by advection of coli air of Canadian origin and by evaporation 
of falling snow in the air behind tliC occluded front. These two 
fronts formed u vo cyclone which traveled rapidly to the oast. It 
should be emphasized that the frontogenetic process vfas discovered 
primarily in tuc upper air data through an isentropic analysis. 

The cross sections showe^. that tne bacic isentropic chiart for a 
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potential t«siperature aurface of 300* was not roprcrentative of the 
lOTor ataospheric layera wheroin the inportant notion ran f>oin 5 on. 

A more representative isentropic sheet for the value of was con- 

structed, and throu. 3 h this cnart it waa rcssiblo identify a region 
in which rapid u.p-slope rsove:aent of air was progressing. The dis- 
covery of t-iis phonoraenon at the tine of the forecast would iindouot- 
edly have lead to a nore accurate prediction of the snow which ensued 
within 12 hours. 

Although this disturbance never became vory deep (it ciaintaii^ed 
an approxicately constant pressure at the center of 2?. 62 inches), 
it extended well up into the atnospherc. Upper level pressure maps 
revealed that the cyclone was not of the homogeneous "cold core" 
tyne but had a clear-cut worn sector up to the highest level investi- 
gated (1A,000 ft.). 

Upper level pressure change laaps prove that the adv^’Ction of 
warn air took place aloft while that of cold air took place at lower 
levels. The effect of the cold air was so potent that it completely 



masked the activity aloft* 
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As a result of tliis inveotif^aticn and from experience gained dur- 



ing the (iaily x:B.p diocussien at the '■ 
no!)cgy in which the same icethcdn are 
thesis, certa.in facts stand out: 



ansachucetts Institute of Tech- 
usod that are employed in this 



Fewer errors would bo njade and nuch less indivi iual judgement 
WO’, Id bsO required in iralring the isentropic analysis if ti;e nuribor 
of aero logical stetions were doi.bled. It is felt that the placing 
of the -resent stations is excellent. If their number were increased 
considerably the treatmont of upper air date could be left less to 
the imagination of the synoptic meteorologist. 

It is o'jserved tiiat during the ’."inter (and the 7;eather ei’'uation 
here analysed approximated winter conditions) the currents of moist 
and dry air novo conparativoly rapidly. Under there conditions it is 
often difficult to predict their positions 2k hours in advance, or 
even locate the source of these currents on the iseniropic charts. 

If aerologicnl soi.ndings were nade every 12 hours it is reasonably cer- 
tain that v;eather forecasting would be improved. Under cu.-jner con- 
ditions the current novements are much slov.'or, and isentropic analysis 
during this reason is foiaid more helpful tlan in winter. It is bel- 
io'/ed that it could be imide er.ually helpful in the r/intcr if the fre- 
quency of observations were increased. 
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In order to plot the upper air data in a form suitable for 
an isentropic analysis, certain computed quantities are necessary. 
One of these, specific humidity, is transmitted through the stand- 
ard Weather Bureau Code. Another equally important quantity, poten- 
tial temperature, is not so provided for. Thus potential tempera- 
ture must be laboriously computed for all soundings. This greatly 
delays the preparation of the isentropic analysis. It v/ould be of 
considerable advantage if these values were computed during the in- 
dividual evaluations of aerological ascents and then included in 
the code. Moreover, it would not be difficult for the evaluation 
corps to send in the characteristic values of specific and relative 
humidity at one or two chosen isentropic surfaces. 

During this investigation the practical use of the isentropic 
concept has been of great value. It is true that in order to make 
such an analysis daily with accuracy and despatch a certain amount 
of experience is necessary. It is also true that experience is 
necessary in order to develop technique in the use of the Norwegian 
methods of analysis. Undoubtedly isentropic analysis is a valuable 
adjunct to frontal methods and is therefore worthy of serious con- 



sideration. 



•»o 1 eldii'XjL.Ei -'to'i ft ri f Tu - 't-'q-, . ;■ J-oiq od iqjjVC nl 

. Y'.ropf ce''' 3'tb * o r *t&nx}i:p o'^J’A^onoo r,i>iJ'xfo ^eie'■Ir:su '' l^o’tJneci 

-,';r!iid ’3 eri.t douoi.’j ei » oi'iioBC's tSBerd 'Jo onO 

JT;iJu*ioc: ji iS.f’onA .eboC j *91^/8 'VofljjceW bta 

IoiJn'->oq ouriT .'ic'i iebivo-r?! os Joii er ^cttf>+B'ieqcisJ IriJ" 
vI+j3ei,Y nir[1’ . ngnxf nuo'= J L* •lo'^ i-f».turf*to.o y^ •‘" o ed isux: e^ 0 ^J■ 

*>0 od bIuo» fl .aLsv[jOi • '»igO i^x:o*i off/ ‘Jo •fr' ' -^jsao'iP s// sY.efsJb 
-.’X erf/ gnxiiJb b<=> jcqr^Jn e^qy* acutjuv e*sn'/ ‘ix e$c eidjp'robisnoo 

nx bobjjl'onx non'/ Jbne e trrp;;g.s Ibox^oIoxg^ lo enix^ s 'l .avo Ix*.jbivib 
rfoi/«Ju'L3V9 odi 'lo'i J’li/ob'J'^Xc "d don di-jow Jx ^ "t“Vvji to'*! .sboo •rt J 
o'/xJjXs'? Lffje oi’iio'^qn /o soi'jBv *>x'f* f'xa/cr'ixsdo odd nx bnoe od eq^oo 

.soojs'tiue oi( 70 'i/xi*-»#x n'^s »rlo o»d 'lo sno db Y/i^ -^ca-ri 

sxqotdneai '*• *■3 ' J jo rjof'T.'j «■*• /r>i nx s 'd* gxuvf'Q 

©>{.'<a oJ nsbio ixx dcu-d ifi nd el dl .©nfuv dastp qo x-ed s.*d dqoor.oo 

dnnoi-jxi nlB-diao e dodacraKib bnjo Y^-^^nooB riditf bxsy-^^*^® li-'xus 
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